In this paper, we develop a new unit root testing procedure which considers jointly for structural breaks and nonlinear adjustment. The structural breaks are modelled by means of a logistic smooth transition function and nonlinear adjustment is modelled by means of an ESTAR model. The empirical size of test is quite close to the nominal one and in terms of power; the new unit root test is generally superior to the alternative test. The new unit root test presents good size properties and does not lead to over-rejections of the null hypothesis of the unit root.
Introduction
In the last forty years, the time series analysis of models with unit roots has increasingly become one of the major topics for the investigators and practitioners to understand the response of economic systems to shocks. The first tests for unit root were proposed by Fuller (1976) and Dickey and Fuller (1979) . However, it is well known that the presence of structural breaks and nonlinearities in time series might affect the power of the traditional unit root tests. Accordingly, the Dickey-Fuller test fails to reject the null hypothesis of unit root and these types of tests would be powerless to separate the behaviour of a unit process from the behaviour of a stationary process with structural breaks. Perron (1989) proposed a unit root test which takes into account structural breaks exogenously in the deterministic components and displayed that the traditional unit roots tests detect incorrectly that the series have a unit root when in fact they are stationary with structural breaks. Apart from Perron (1989) , many authors have developed unit root tests in order to take into account structural breaks (Zivot and Andrews (1992) ; Lumsdaine and Papell (1997) ; Lee and Strazicich (2003) . The main feature of these unit root tests is that the deterministic structural changes are assumed to occur instantaneously, only in certain points of time.
Nonetheless, individual agents can react simultaneously to a given economic stimulus; while some may be able to react instantaneously and so will adjust with different time lags. Thus, when considering aggregate behaviour, the time path of structural changes in economic series is likely to be better captured by a model whose deterministic component permits gradual rather than instantaneous adjustment between different values (Leybourne, Newbold and Vougas, 1998) . From this point of view, some authors proposed different unit root tests that consider smooth rather than a sudden change. The main idea behind of these tests is that nonlinearities can be present in time series as an asymmetric speed of mean reversion and autoregressive parameter varies depending upon the values of a variable. This nonlinear behaviour implies that there is a central regime where the series behave as a unit root whereas for values outside the central regime, the variable tends to revert to the equilibrium (Cuestas and Ordóñez, 2014) .
The nonlinear dynamics for unit root testing procedures and the joint analysis of nonlinearity and nonstationarity have been popularised since about the last twenty years. Kapetanios, Shin and Snell (2003) proposed a unit root test within an exponential smooth transition autoregressive (ESTAR) model. Apart from Kapetanios, Shin and Snell (2003) , Sollis (2009) , Kruse (2011) present invaluable contributions to the testing of unit roots considering nonlinearity. Although these studies consider asymmetric speed of mean reversion, they do not take into account nonlinearities in the deterministic components.
On the other hand, Christopoulos and León-Ledesma (2010) developed tests for unit roots that account jointly for structural breaks and nonlinear adjustment. The prominent contribution of unit root test of Christopoulos and León-Ledesma (2010) is that this test takes into account asymmetric speed of mean reversion, as well as structural changes in the intercept, approximated by means of a Fourier function. Cuestas and Ordóñez (2014) also proposed a unit root test which extends the unit root test of Leybourne, Newbold and Vougas (1998) and takes into account both sources of nonlinearities, i.e. in the deterministic components, approximated by a logistic smooth transition function not only in the intercept, but also in the slope, an asymmetric adjustment of mean reversion.
In this paper, we develop a new unit root testing procedure which considers jointly for structural breaks and nonlinear adjustment. In our proposed test, structural breaks are modelled by means of a logistic smooth transition function that allows in the intercept, in the intercept under a fixed slope and in the intercept and slope terms. Nonlinear adjustment is modelled by means of an ESTAR model as suggested by Kruse (2011) .
The rest of the paper is organized as follows: Section 2 describes the proposed test statistics and provides asymptotic critical values. Section 3 presents the results of power and size of our proposed test via Monte Carlo simulation experiments. The last section concludes the paper.
The Unit Root Test
In this section, we propose a unit root test which accounts jointly for structural breaks and nonlinear adjustment. The test, which is considered as an alternative to Leybourne et. al. (1998) and Kruse (2011) , attempts to model the structural change as a smooth transition between different regimes over time and also model the nonlinearities by means of ESTAR model suggested by Kruse (2011) .
In order to develop the new unit root testing strategy, we consider the following three logistic smooth transition models by following Leybourne, Newbold and Vougas (1998) :
Model B:
Model C:
where t v is error term which is normally distributed with zero mean and unit variance and   , t S   is the logistic smooth transition function, based on a sample of size T .
The parameter  determines the timing of the transition midpoint and the speed of transition is determined by the parameter  . If we assume t v is a zero-mean   
In this paper, we also follow a similar way to the approach of Cuestas and Ordóñez (2014) who propose to apply the unit root test of Kapetanios, Shin and Snell (2003) to the residuals of Equation (3) which considers the smooth breaks in the intercept and slope.
The null of unit root hypothesis may be stated as follows:
where t  is assumed to be an   0 I process with zero mean. In our proposed unit root test, the test statistics are calculated via a two step procedure. In the first step, we use the nonlinear least squares (NLS) algorithm for estimating model A, B and C, and then we compute the NLS residuals.
Model A:
In the second step, we apply the unit root test of Kruse (2011) to the residuals obtained in the first step. We allow for a nonzero location parameter c by following Kruse (2011) in the ESTAR model which is modified to our strategy as the following form:
where ˆt v is the estimated NLS residuals in the first step. Kruse (2011) proposes a first order Taylor approximation for equation (9) and obtains the auxiliary regression shown at equation (10).
In the auxiliary regression (10), the null hypothesis could be constituted 
The results of empirical size of test, based on 5000 replications, are presented in Table 2 . In general, we could conclude that the empirical size of test is quite close to the nominal one, 5%. A significant size distortion is only determined for 50
test. Nonetheless, the size distortion disappears for 100 T  . Table 3 . 
Conclusions
In this paper, we develop a new unit root testing procedure which considers jointly for structural breaks and nonlinear adjustment. The empirical size of test is quite close to the nominal one and in terms of power; the new unit root test is generally superior to the Kruse test. The new unit root test presents good size properties and does not lead to over-rejections of the null hypothesis of the unit root.
